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DESCRIPTION 



N OVEL MINIATURE T NVR R T jBD - REPEAT TRANSPOS ABLE 
ELEMENTS (MITEs)-LIKE ELEMENT AND TRANSCRIPTIONA L 
ACTIVATION ELEMENT 



The present Invention relates to novel, 
plant -derived transposable elements and, more 
particularly, to a MITE (miniature Inverted-repeat 
transposable element )- like sequence. More 
specifically, the present Invention relates to novel 
transposable elements Isolated from carrot ( Daucus 

Q&XTQt&i ) « 

The Invention further relates to novel 
transcriptional activation elements containing the 
transposable elements. More specifically, it 
relates to a transcriptional activation element which, 
when inserted in a gene, is capable of promoting the 
transcription of a gene around or in the vicinity of 
the site of insertion thereof or suppressing the 
transcription of said gene from being inactivated. 
The invention still further relates to a transgenic 
plant harboring said transcriptional activation 
element . g 
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BACKGROUND ART 

Transposable elements are found In the genomes 
of almost all living organisms, without distinction 
between prokaryotes and eukaryotes , or between 
animals and plants. It Is known that these 
transposable elements caii move from a genomic gene 
to another and Inactivate the genomic gene upstream 
or downstream from the sequence In which such an 
element has been Inserted. Further, It has been 
revealed that. In addition to such actions, 
transposable elements cause various types of genomic 
reorganization (deletion. Inversion, duplication, 
etc.) and It has been reported that the above fact 
leads to genome plasticity, which Is Important for 
the evolution of living organisms and. In particular, 
that transposable elements play an Important role In 
the evolution of living organisms for environmental 
adaptation In response to genomic stresses 
(McCllntock, Science Z3.t 792-801 (1984) ; Arber et al. , 
FEMS Mlcrob. Ecol., 15: 5-14 (1994)). 

Transposable elements are roughly classified 
Into three types: DNA type (transposons and Insertion 
sequences), RNA type ( re trotransposons ) (Berg et al. 
(ed.). Mobile DNA (1989)), and miniature 
Inverted-repeat transposable elements (MITEs) 



belonging to neither of the above two types (Wessler 
et al., Curr. Opln. Genet. Dev. 5: 914-821 (1995)). 

As for DNA type and RNA type transposable 
elements among them, their actual transposition In 
the genome has been established whereas, for MITEs, 
no reports have so far been made about evidences of 
their transposition in the genome in spite of their 
being very similar to DNA type ones. 

Most of MITEs have been found out, by computer 
retrieval, from databases of nucleotide sequences of 
genomic genes of various living organisms as being 
elucidated by genome projects currently in progress. 
The first discovery was the discovery in 1992 of the 
Tovix-X^t family by Bureau et al . (Bureau et al. , Plant 
Cell 4.: 1283-1294 (1992)). Since then, various MITEs 
have been found in plant genomes and in insect and 
animal genomes. 

Generally, MITEs are defined as having such 
characteristics as (1) their having a perfect or 
Imperfect Inverted repeat sequence at each of both 
the 5'- and 3 '-terminal regions (similar in this 
respect to DNA type transposable elements), (2) 
occurrence of a target duplication - like sequence, of 
a sequence consisting of two or more nuclueot ides , 
like the one formed upon insertion of a DNA type 
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transposable element Into a genomic DNA, on both the 
terminal sides of the Inverted repeat sequences, and 
(3) their generally having a size of shorter than 2 
kb (Wessler et al • , Curr. Opln. Genet. Dev. 5: 914-821 
(1995) ) . 

As those MITEs which have an open reading frame 
coding for a transposase between both the terminal 
Inverted repeat sequences, like DNA type transposable 
elements, there are known only MITEs of the 
IS6 30 -Tel /Mariner family found In molds and animals 
(Kachroo et al., Mol. Gen. Genet. 245: 339-348 (1994); 
Smlt et al., Proc. Natl. Acad. Scl. USA 93: 1443- 
1448 (1996 )). As far as plant - derived MITEs are 
concerned, however, no such transposase - encoding 
open reading frame has been discovered. Therefore, 
many points remain unelucldated concerning the 
mechanisms of transposition of plant MITEs and 
concerning their actions. 

By the way, the gene transfer experiments so far 
made In gene manipulation In higher living organisms 
are mostly of the nuclear genome Insertion type. This 
Is because higher living organisms have no equivalent 
to the plasmld In prokaryotes. 

For such gene transfer by Insertion Into the 
nuclear genome, there are available physical methods 
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comprising Introducing a vector coupled with a 
desired gene for Insertion Into the nuclear genome 
of a higher living organism by the particle gun, 
llpofectlon or electroporat Ion technique, and 
biological methods comprising Introducing said 
vectors harboring the genes once Into a virus or 
microorganism and then Introducing the same Into the 
nuclear genome of a higher living organism by taking 
advantage of the DNA transfer /Insert Ion system which 
said virus or microorganism has. 

These physical and biological methods, however, 
each has a problem In that the expression activity 
of the gene Inserted In a higher living organism 
varies from an Individual to another, hence Is not 
constant. In many Instances, this Is caused by 
silencing due to the position effect (Peach et al.. 
Plant Mol . Biol . UL: 46-60 (1991)). Such the position 
effect Is a phenomenon found In yeasts and many other 
eukaryotes and It Is known that while there Is no 
change In the nucleotide sequence of the Inserted gene 
Itself, the expression activity thereof varies 
markedly depending on the site of Insertion of said 
gene on the chromosome and. In certain cases, the 
expression of the gene Is completely Inactivated 
(gene silencing) (Molecular Biology of the Cell, 3rd 
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edition, 434-435 (1995)). 

Supposed as the causes of such phenomenon of the 
gene silencing are the fact that all genes In the 
nuclear genome of a higher living organism are not 
uniformly transcribed and the fact that active sites 
where the gene Is actively transcribed and the cryptic 
sites where transcription of the gene Is silenced at 
all are Intermingled In the nuclear genome. It Is 
known that a gene Inserted In a cryptic site cannot 
be transcribed at all due to complete failure of 
proteins necessary for transcription to approach the 
gene or due to a change In nucleosome structure or 
heterochromat Inlzat Ion as resulting f rem methylatlon 
of the genomic DNA In this site, with the result that 
Inactlvatlon of gene expression (gene silencing) 
occurs (Ng et al. , Curr. Opln. Genet. Dev. , SLi 158-163 
(1999); Matzke et al., Curr. Opln. Plant Biol, i: 
142-148 ( 1999 ) ) . 

It Is further known that, even In the same 
organism, this gene silencing depends on the state 
of cell differentiation, as seen with X chromosome 
of manmal. Furthermore, It Is known that once gene 
silencing Is caused by a presently unknown mechanism. 
It Is Inherited by the offspring of the next 
generation resulting from mating (Molecular Biology 
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of the Cell, 3rd edition, 434-453 (1995)). 

Meanwhile, when. In gene manipulation, a desired 
gene (foreign gene) Is Introduced Into higher animal 
cells by a physical or biological method (other than 
the homologous recombination method used for gene 
knockout), the site of Insertion of the gene In the 
cell nuclear genome differs among cells and it is 
substantially Impossible to control It artificially. 
Thus, introduction of a foreign gene into cells of 
a higher living organism results in formation, in an 
uncertain manner, of cells containing the foreign 
gene in an active site of the nuclear genome and cells 
containing the gene in a cryptic site of the genome. 

In the case of plant, it is known that a foreign 
gene, once introduced in a cryptic site, undergoes 
the Influence of the cryptic site, with the result 
that the expression of the foreign gene markedly 
diminishes or becomes null and it is also known that 
even when a foreign gene is inserted in an active site, 
the expression of the foreign gene becomes 
unstabilized and diminishes due to gene silencing as 
the growth progresses by repetitions of cell division 
(Peach et al.. Plant Mol. Biol, lis 46-60 (1991)). 

A main presumable cause of Inactlvation of the 
expression of a foreign gene is the structure of the 
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nuoXear- DNA In the ohromosome. An element 
participating In the structure of the nuclear DNA Is 
a MAR (matrix attachment region; also called SAR 
(scaffold attachment region) sequence. This was 
found as a sequence anchoring a nuclear genomic DNA 
to a nuclear matrix. In animals. It was shown that 
when a MAR-contalnlng chicken A element Is ligated 
to a foreign gene to be Inserted followed by gene 
transfer, the expression of the gene Inserted 
Increased (Stlef et al. , Nature 341 ; 343-345 (1989)). 
Later studies, however, revealed that the MAR 
contributes to an Increase In gene expression 
efficiency but It, when alone, cannot counteract the 
position effect (Bonlfer et al,, Nculeic Acids Res. 
22 g 4202-4210 (1994); Poljak et al.. Nucleic Acids 
Res. 2_2.: 4386-4394 (1994)). In plants as well, 
studies have been made to Investigate the effects of 
MARs using t r ansf ormant s . However, any reproducible 
results have not been obtained as yet. It Is not 
considered that a MAR alone can counteract the 
position effect (Meshl: Shokubutsu no Genome Science 
(Genome Science of Plants) , 153-160 (1996) , published 
by Shujunsha) • 

Currently, genetically modified plants have 
been developed as genetically modified foodstuffs. 



9 

However, the most Important problem to be solved ±n 
developing them Is the phenomenon of gene silencing 
which causes Inactlvatlon of the expression of 
foreign genes, as mentioned hereinabove. In 
developing genetically modified plants. It Is 
considered necessary, for avoiding the phenomenon of 
gene silencing, to select, among a very large number 
of plant Individuals, plant Individuals having a 
foreign gene Inserted at a site where gene silencing 
Is caused as scarcely as possible and, further, to 
select plant Individuals In which gene silencing will 
not occur even after numerous generation for many 
years. For such selection. It Is necessary to raise 
a large number of plant individuals and repeat over 
a number of generations and, therefore, not only much 
labor and time are required but also a vast area of 
land Is required, namely a soil area problem arises. 

Therefore, as another strategy of avoiding gene 
silencing. It Is an urgent and most Important problem 
In genetic engineering of plants to develop a method 
of suppressing the position effect-due gene silencing 
or activating the transcription of an Inserted 
foreign gene and, more specifically, develop the 
so-called "transcriptional activation element" 
having either of these effects. 
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DISCLOSURE OF INVENTION 
As mentioned hereinabove, many points remain 
uneluoldated as to what functions plant MITBs have. 
As for the functions of MITEs, the possibility Is 
presumable of their contributing to the activation 
of gene expression based on the finding obtained by 
studies so far made that MITEs are found frequently 
In regions upstream of promoters of various genes 
(Wessler et al., Curr. Opln, Genet. Dev. 5.: 914-821 
(1995)). Further, since a number of MITEs are found 
In the vicinity of a matrlc attachment region (MAR) 
(Avramova et al.. Nucleic Acids Res. 26_: 761-767 
(1998)), It Is also presumable that they have an 
Important connection with the structure of the 
genome. 

Thus, MITEs are very Interesting transposable 
element s ( Insert Ion elements) from the scientific 
viewpoint In elucidating the relation between the 
genomic structure and the gene expression, which has 
not yet been exhaustively Investigated. In view of 
the possibility of MITEs, when Incorporated In a 
genomic structure after transposition between 
genomic genes, changing the genomic structure and, 
as a result, controlling the gene expression, their 
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utility as factors stabilizing, or preventing 
Inaotlvatlon of, the gene expression activity on the 
occasion of foreign gene Introduction can also be 
expected . 

Thus, In a first aspect, the present Invention 
has for Its object to provide novel, plant - derived 
MITE-llke elements, which have scientific and 
Industrial utility, as mentioned above. 

Specifically, the Invention relates, first of 
all, to the novel MITE-llke elements mentioned below 
under 1 to 5 (hereinafter, such MITE-llke elements 
are sometimes referred to also as "IS2 elements" for 
convenience) s 

A MITE-llke element capable of causing 
duplication of the target sequence: (A)n6(A)n [n 
being an Integer of not less than 1]; 

2.. A MITE-llke element as defined above under 1 which 
has a perfect or Imperfect terminal Inverted repeat 
sequence In each of the 5' and 3' terminal regions; 

A MITE-llke element as defined above under 1 or 
2 which contains a plurality of repetitions of at 
least one of the nucleotide sequences represented by 
the formula (1): XttgcaaY (wherein X represents g or 
t and Y represents a or c) or the formula (2): Zatgcaa 
(wherein Z represents t or a); 
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V. A MITE-l±ke element as defined above under any of 
M to 3 which has, as terminal Inverted repeat 
sequences, a nucleotide sequence shown under SEQ ID 
No\: 1 In the 5' terminal region and a nucleotide 
sequence shown under SEQ ID NO : 2 In the 3' terminal 
regiLon; and 

5.. A MITE-llke element comprising the nucleotide 
sequeknce shown under SEQ ID NO : 3 • 

ikhe present Invention further relates to the 
novel MN^TE-llke elements mentioned below under 6 and 
7 (hereinafter, such MITE - like elements are sometimes 
referredVo also as "ISl elements" for convenience): 
£l* a HITEvllke element which has, as terminal 
Inverted repeat sequences, a nucleotide sequence 
shown under SEQ ID NO : 4 In the 5' terminal region and 
a nucleotide ^equence shown under SEQ ID NO : 5 In the 
3' terminal region, and Is capable of causing 
duplication ofVthe target sequence TA ; and 
i. A MITE-llke Element comprising the nucleotide 
sequence shown uiraer SEQ ID NO : 6 • 

In Its second aspect, the present Invention has 
for Its object to provide the so-called 
"transcriptional activation factor" capable of 
suppressing the gene Inactlvatlon phenomenon called 
gene silencing due to a position effect or capable 
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of aotlvatlng the transcription of a gene located In 
the vicinity or marginal region thereof. 

Speoifioallyr the Invention relates to the 
following transcriptional activation factors 
mentioned below under 8 to 12: 

i. A transcriptional activation factor containing 
at least one transposable element; 

a.. A transcriptional activation factor as defined 
above under 8, In which the transposable element Is 
a MITE-like element; 

10 . A transcriptional activation element as defined 
above under 9, In which the transposable element 
comprises a MITE-llke element comprising the 
following DNA (a) or (b): 

(a) a DNA having the nucleotide sequence shown under 
SEQ ID NO:l; 

(b) a DNA capable of hybridizing with a DNA having 
the above nucleotide sequence (a) under stringent 
conditions and coding for a MITE-llke element capable 
of causing duplication of (A)nG(A)n [n being an 
Integer of not less than 1] at the site of Insertion 
thereof, and/or a MITE-llke element comprising the 
following DNA (c) or (d): 

(c) a DNA having the nucleotide sequence shown under 
SEQ ID NO: 2; 
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(d) a DNA capable of hybridizing with a DNA having 
-the above nucleotide sequence (c) under stringent 
conditions and coding for a MITE-llke element capable 
of causing duplication of TA at the site of Insertion 
thereof ; 

11 . A transcriptional activation element as defined 
above under 9, in which the transposable element is 
a tandem coupling product from a MITE-llke element 
comprising the following DNA (a) or (b)s 

(a) a DNA having the nucleotide sequence shown under 
SEQ ID NO:l; 

(b) a DNA capable of hybridizing with a DNA having 
the above nucleotide sequence (a) under stringent 
conditions and coding for a MITE-like element capable 
of causing duplication of (A)nG(A)n [n being an 
Integer of not less than 1] at the site of insertion 
thereof, and a MITE-like element comprising the 
following DNA (c) or (d): 

(o) a DNA having the nucleotide sequence shown under 
SEQ ID NO:2; 

(d) a DNA capable of hybridizing with a DNA having 
the above nucleotide sequence (c) under stringent 
conditions and coding for a MITE-like element capable 
of causing duplication of TA at the site of insertion 
thereof . 
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12 = A transoript ional activation element oomprlslng 
a DNA having the nucleotide sequence shown under SEQ 
ID NO : 3 • 

The present Invention further relates to a 
cassette for expression of a gene Introduced which 
comprises the transcriptional activation element 
mentioned above. Specifically, there may be 
mentioned the cassettes mentioned below under 13 to 
15 : 

13 , A cassette for expression, in a plant, of a gene 
Introduced which comprises the transcriptional 
activation element defined above under any of 8 to 
12, and a DNA sequence operatively joined to said 
factor ; 

14 ■ An Introduced gene expression cassette as 
defined above under 13, in which the DNA sequence 
operatively joined to the transcriptional activation 
element comprises a promoter and/or a terminator; 

15 , An Introduced gene expression cassette as 
defined above under 14 which further comprises, as 
the DNA sequence operatively joined to the 
transcriptional activation element, a desired 
Introduced gene sequence to be expressed. 

The present invention further relates to a 
plasmld which contains the transcriptional 
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aotlvatlon element mentioned hereinabove (as an 
Introduced gene expression cassette, for Instance) 
and to a transgenic plant harboring the 
transcriptional activation element Introduced 
therein by utilizing such plasmld. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a representation of the structure of 
an IS2 element, which Is a MITE-llke element according 
to the Invention. 

Fig. 2 Is a representation of the structure of 
an ISl element , which Is a MITE-llke element according 
to the Invention, and of Its terminal Inverted repeat 
sequences and Its Inserted duplicate sequence ( TA In 
the underlined parts). 

Fig. 3 Is a schematic representation of a method 
of constructing gDCPAL3 -pro/ SK . 

Fig. 4 Is a comparative representation of the 
structures of the carrot PAL genes gDCPALS and 
gDCPAL4 . 

Fig. 5 Is a representation of the results of 
comparison between the nucleotide sequence of a 
MITE-llke element (ISl element) of the present 
Invention and the nucleotide sequences of the so far 
known Sizawaway family (Bureau andWessler, Plant Cell, 
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6s 907-917 (1994). Sequences indicated by white 
letters on a black background are terminal Inverted 
repeat sequences showing homology. 

Fig. 6 Is a representation of the Imperfect 
Inverted repeat sequences and target duplication 
sequence (AAAAGAAAA In the underlined parts) 
terminally found In an IS2 element, which Is a 
MITE-llke element of the Invention. 

Fig. 7 Is a schematic representation of a method 
of constructing IS1-35S/SK. 

Fig. 8 Is a schematic representation of a method 
of constructing IS2-35S/SK. 

Fig. 9 Is a schematic representation of a method 
of constructing IS12-35S/SK. 

Fig. 10 is a schematic representation of a method 
of constructing MUS-SSS/SK. 

Fig. 11 is a schematic representation of a method 
of constructing pISl-35S/AB35S , pIS2 - 35S/AB35S , 
PIS12-35S/AB35S and pMU3 - 35S/ AB35S . 

Fig. 12 is a representation of the results of 
Example 3 (1) in which a comparison was made among 
the numbers of regenerated calll, on selection media 
containing kanamycln, from cultured tobacco BY-2 
cells transformed by introduction of the constructs 
PIS1-3 5S/AB3 5S (ISl) , pIS2 - 3 5S / AB3 5S (IS2) , 
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PIS12-35S/AB35S (IS12) and pAB35S (35S) (control). 
In the figure, the upper and lower graphs show the 
results obtained by using selection media containing 
100 M g/ml and 300 M g/ml of kanamyoin, respectively. 

Fig. 13 is a representation of the results of 
Example 3 (2) in which a comparison was made between 
the GUS activity of tobacco calli (control) resulting 
from introduction of pAB35S (35S) (left graph) and 
the GUS activity of tobacco calli resulting from 
introduction of pIS12 - 35S/AB35S (IS12) (right 
graph ) • 

BEST MODES FOR CARRYING OUT THE INVENTION 
I. Novel MITE-like elements 

The known MITESs so far discovered include not 
only the Tour±st and Stowaway families mentioned 
above but also the families Castaway , Cx'&QkX^ , 
Emigrant , Explorer . Dit to , G&ljln , KrlsplO, Pop, Shajl, 
Wana&rGr . Wu jln , Wukona , Wun^ng and XhXL. While these 
MITEs are structurally characterized by all having 
a perfect or imperfect invereted repeat sequence in 
the terminal region, the inverted repeat sequences 
quite differ in nucleotide sequence and length among 
the MITEs. Further, the target duplication sequence 
in the MITE is TAA for Tourist . TA for StQW&vray, TAA 
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for Cfisizawair . GTTGATAT for CjraoJcle, TTA for PittQ , 
TA for Rm±arant . ATT or TAG or TGA or GGT or GTT or 
GAA for Ga±j±n . TTGAAC for jCylgpXe , AAAACAAA or 
AAAAAAAA for Pop- tTTTTTT for Sn^P. TTA or TAA for 
Wanderer , TA or CATA for Wujln , TATA or TACA for ItlLfcaJtSL, 
TTAA or TTAT for Wunena , and TTAA for KbXL (any definite 
-target duplication sequence has not been found for 
gjcplorer ^ (Bureau et al. , Proo. Natl, Acad. Sol* USA, 
93 : 8524-8529 (1996); Casaouberta et al.. Plant J,, 
16 2 79-85 ( 1998 ); Song et al . , Mol. Gen. Genet., 253 : 
449-456 (1998); Tu , Proo. Natl. Acad. Soi. USA, SJLs 
7475-7480 (1997); Unsal and Morgan, J. Mol. Biol., 
248 s 812-823 (1995)). 

On the other hand, the IS2 element, an embodiment 
of the above-mentioned novel MITE-like element of the 
present invention has, as the target duplication 
sequence, (A)nG(A)n [n being an integer not less than 
1] , which is not found in any of the so far known MITEs 
(insertion elements). In this respect, the IS2 
element can be said to be an insertion element 
belonging to a novel family different from any of the 
so far known families. 

As for the ISl element, which is an embodiment 
of the novel MITE-like element of the present 
invention, it has TA as the target duplication 
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sequence and thus can be said to be a novel MITE- 
llke element belonging to the known family StQW&^n&y 
(Bureau, T, £• and Wessler, S. R., StQW&w&yt a new 
family of Inverted repeat elements associated with 
the genes of both monooo tyledonous and dicotyledonous 
plants. Plant Cell, 907-16 (1994)). 

In the following, these IS2 and ISl elements are 
described - 
1, IS 2 element 

The IS2 element Is characterized by causing 
target duplication of (A)nG(A)n In the genomic gene 
at the site of Insertion. The number n may be any 
Integer not less than 1. While It is not particularly 
restricted, it is specifically, for example 2 to 6 , 
preferably 3 to 5, more preferably 4. 

More specifically, the MITE-like element of the 
present Invention is a DNA having a size of not more 
than about 2 kb , preferably about 0.2 to 2 kb , has 
repeat sequences reverse in direction to each other 
(terminal inverted repeat sequences) in the 5" and 
3' terminal regions thereof. 

From such viewpoint, the IS2 element of the 
present invention meets the requirements concerning 
the above-mentioned three characteristics of MITEs 
(Wessler et al. Curr. Opin. Genet. Dev. 5.: 914-821 
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(1995)).. namely (1) tliat they have a perfect or 
Imperfect Inverted repeat sequence at each of the 5 ' 
and 3' termini^ (2) that a repeat sequence comprising 
two or more base pairs Is found as a target duplicate 
sequence In the same direction on both sides of the 
Inverted repeat sequence of the gene Insertion site 
and (3) that their size Is not more than 2 kb , hence 
can be Identified as a transposable element 
(Insertion element, MITE-llke element) having a 
MITE - like sequence • 

fraie IS2 element of the present Invention Is 
structurally characterized by containing. In the 
nucleotla^e sequence thereof, at least one nucleotide 
sequence Represented by the formula (1): XttgcaaY 
(wherein X Vepresents g or t and Y represents a or 
c) (SEQ ID NOk: 7 to 10) or the formula (2): Zatgcaa 
(wherein Z represents t or a) (SEQ ID NO: 11 to 12) 
In a contlnuouslV or dlscont Inuously repeated manner. 

The positioning and number of such repeat 
sequences are not particularly restricted but they 
may be contained In the terminal Inverted repeat 
sequences occurring In both the terminal regions of 
the IS2 element or In an Intermediate region occurring 
between said terminal Inverted repeated sequences* 

The IS2 element of the present Invention 
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speolf loallv Includes the ones which contain a 
plurality of repeat sequences represented by the 
above formula (1) and (2) In the intermediate region 
between the terminal inverted repeat sequences and 
a plurality of repeat sequences represented by the 
formula ( 1 ) in the terminal inverted repeat sequences , 
as shown in Fig* 1. 

The terminal inverted repeat sequences which the 
IS2 element of the present invention has need not be 
strictly complementary to each other but the only 
requirement is that the 5' and 3' terminal regions 
can hybridize with each other under stringent 
conditions and^ as a result, the IS2 element can have 
such a stem structure as shown in Fig. !• In this 
sense, the IS2 element of the present invention 
includes not only those having perfect inverted 
repeat sequences as the terminal inverted repeat 
sequences but also those having imperfect inverted 
repeat sequences as the terminal inverted repeat 
sequences . 

As speXific examples of the IS2 element 
according toVthe present invention, there may be 
mentioned the\ones which have, as the terminal 
inverted repeaA sequences , the nucleotide sequence 
shown under SEQ l\ NO : 1 in the 5' terminal regi n and 
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^he nuclecirlde sequence nliown undezr SEO ID NO : 2 ±n 
t^e 3' terminal region. As a more specific example 
of ^he IS2 element, there may be mentioned tlie one 
having tlie nucleotide sequence shown under SEQ ID NO: 3 . 
The ]^S2 element may have one or more nucleotides 
subs t lltut ed , added or deleted In the terminal 
Inverte^ repeat sequences or In the sequence 
occurrlira between said repeat sequences If the 
result In g\ modifications remain functional 
equlvalentvs substantially having the function or 
activity of\the IS2 element itself. The MITE-llke 
element of t\e present invention Includes such 
functional equivalents as well. 

As preferred functional equivalents, there may 
be mentioned thA ones substantially having the 
function or activity of the IS2 element having the 
nucleotide sequenc\ shown under SEQ ID NO : 3 , and 
causing target dupl^atlon of (A)nG(A)n [n being an 
Integer not less thanV] at the site of insertion and 
capable of hybr idiz ing\ wi th the above IS2 element 
under stringent conditions. As "stringent 
conditions", there may be mentioned the conditions 
in 1 >c SSC plus 0.1% (w/w)\sDS at 50' C or above over 
a period of 1 hour. As th A functional equivalents, 
there may be mentioned more specifically the ones not 
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^ss than 70%.. preferably not less than 85%, more 
preferably not less than 90%, still more preferably 
not\less than 95% homologous in nucleotide sequence 
witM the IS2 element shown under SEQ ID NO : 3 • 
2, element 

?he ISl element of the present invention brings 
about target duplication of TA at the site of genomic 
gene in\^ertion and is characterized by having, as the 
terminal inverted repeat sequences, the nucleotide 
sequenced shown under SEQ ID NO : 4 in the 5' terminal 
region aii^d the nucleotide sequence shown under SEQ 
ID NO:5 im the 3" terminal region. The ISl element 
of the invej^ntion is specifically a DNA having a size 
of not morewthan about 1 kb , preferably about 100 bp 
to 500 bp. In the light of such facts, the ISl element 
of the invention can be defined as a MITE-like element , 
like the IS2 element mentioned above. 

As the is\ element of the present invention, 
there may specifically be mentioned the one having 
the structure sh^>wn in Fig. 2. More specifically, 
there may be mentioned the one having the nucleotide 
sequence shown under SEQ ID NO : 6 . The MITE-like 
element having such nucleotide sequence may have one 
or more nucleotides substituted, added or deleted in 
the terminal invert ed\repeat sequences or in the 
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secfu^nce ooou^x'lna bet:ween 1:11686 repea't seauenoes of 
sX ai 



A, 

' ""1 

the 5 ^\ and 3' terminal regions If the resulting 
modifications remain functional equivalents 
subs t an-^ally having the function or activity of the 
MITE-llkA element Itself. The MITE-llke element of 
the preseii^ Invention Includes such functional 
egulvalents\ as well. 

Preferred as the functional equivalents are 
those which Substantially have the function or 
activity of trLe MITE-llke element (ISl element) 
having the nuclekptlde sequence shown under SEQ ID NO s 6 
and which are at\least 85%, preferably at least 90%, 
more preferably atkleast 95% homologous In nucleotide 
sequence with saldtV ^Sl element. 

The MITE-llke elements (IS2 and ISl elements) 
described hereinabove all have been discovered from 
the carrot genome, more specifically from the carrot 
phenylalanine ammonia- lyase gene, as mentioned later 
herein, and can be Isolated and recovered as described 
later herein In the example section. The MITE-llke 
element of the present Invention Is not limited In 
origin provided that It has the structure and 
characteristics mentioned hereinabove . 

It Is generally pointed out that transposable 
elements, as self -mechanisms of aut omodlf Icatlon of 
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the plant genome Itself, might possibly contribute 
markedly to evolution of the organism oonoerned and 
to environmental adaptation. 

As regards the MITE-llke element of the present 
Invention, It Is unknown as to the mechanisms by which 
It functions In relation to the self -mechanisms of 
aut omodlf Icat Ion of plant genomes* However, unlike 
the case of ret r o tr ansposons (McDonald, Bioscience 
40 g 183-191 (1990) , such a fact that It has an enhancer 
element therewlthln and a gene promoter Is activated 
by Insertion of said enhancer element as resulting 
from transposition of said element Is not found. 

Therefore, the MITE-llke element of the present 
Invention can be considered to highly possibly cause 
changes In genomic structure upon Insertion thereof 
In a plant genome and thereby contribute to dynamic 
changes of the genomic structure, such as changes In 
unwlndablllty of the genomic DNA or In nucleosome 
structure, by the mechanisms quite different from 
those of the so far known enhancer elements. 

With the MITE-llke element of the present 
Invention, It becomes possible, by utilizing the 
above property, to control the expression of a gene 
located In the vicinity of said element by a technique 
different from the so far known techniques. It Is 
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generally pointed out that when a foreign gene Is 
Inserted In a oryptlc site of a genomic DNA, the 
expression thereof Is suppressed or Inactivated. 
Therefore, It Is considered possible, by utilizing 
the MITE-llke element of the present Invention and 
based on the above properties, to Invigorate or 
activate the reduced or suppressed ability to be 
expressed of a foreign gene Introduced by transgenic 
technique. Accordingly, the MITE-llke element of 
the present Invention Is useful In constructing a 
transgene expression cassette and a plasmld 
containing said cassette In stably creating 
genetically engineered plants and also useful In 
stably creating genetically engineered organisms 
capable of expression of the transgene by utilizing 
said cassette and plasmld. 

II. Transcriptional activation element 

The present Invention further relates to a 
transcriptional activation element • 

The transcriptional activation element so 
referred to herein Includes a element capable of 
promoting the transcription of a group of genes 
located In the vicinity or marginal region of said 
element as well as a element capable of Inhibiting 
suppression of a desired foreign gene Introduced In 
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a genomic DNA or the like from being Inactivated by 
gene silencing due to the position effect. The so-far 
known elements (factors) In charge of transcriptional 
activation each activates the transcription of a 
specific gene by occurring, as an enhancer. In the 
vicinity of the promoter of said gene and cls-actlng 
directly on said promoter. On the contrary, the 
transcriptional activation element of the present 
Invention promotes the transcription of a single gene 
or a group of a plurality of genes located In the 
vicinity or marginal region thereof. Irrespective of 
position relative to the promoter and, further. 
Includes those substantially promoting the 
transcription by suppressing the Inherent phenomenon 
of transcription Inact Ivat Ion , hence conceptually 
Includes a broader range of factors as compared with 
the prior art concept of transcriptional activation 
element . 

The transcriptional activation element of the 
present Invention Is characterized by containing at 
least one transposable element. 

The transposable element so referred to herein 
Includes all of the above-mentioned DNA type and RNA 
type ones and MITEs . Thus, the transcriptional 
activation element of the present Invention Includes 
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-those containing at least one of these as a 
transposable element, regardless of whether It Is 
derived from the same species or a different species. 

A preferred transcriptional activation element 
contains a MITE(s) as the transposable element. 

While a MITE Is defined, as mentioned above, as 
an element having such characteristics as (1) having 
a perfect or Imperfect Inverted repeat sequence In 
each of both 5' and 3* terminal regions (similar In 
this respect to DNA type transposable elements), (2) 
having, on both sides of the Inverted repeat sequence, 
a target duplication sequence comprising repeat 
sequences arranged In the same direction and 
comprising two or more base pairs, like the ones 
formed upon Insertion of a DNA type transposable 
element In a genomic DNA and (3) having a size 
generally of shorter than 2 kb (Wessler et al. , Curr . 
Opln. Genet. Dev. 5.: 914-821 ( 1995)), any MITE 
belonging to such category of definition can be used 
as the transposable element In carrying out the 
present Invention. As MITEs particularly suited 
among others, there may be mentioned the above- 
mentioned novel NITE-llke elements of the present 
Invention, namely the "IS2 element", "ISl element", 
and functional equivalents thereto. 
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Thus, the transcriptional activation element of 
the present Invention preferably contains at least 
one nucleotide sequence selected from among said IS2 
element, ISl element, and functional equivalents 
thereto - 

More specifically, the transcriptional 
activation element of the present Invention Includes, 
among others, (1) the one having the nucleotide 
sequence of the ISl element or a functional equivalent 
thereof, (2) the one having the nucleotide sequence 
of the IS2 element or a functional equivalent thereof, 
(3) the one having a nucleotide sequence resulting 
from tandem joining of the nucleotide sequence of the 
ISl element or a functional equivalent thereof and 
the nucleotide sequence of the IS2 element or a 
functional equivalent thereof (the order of the ISl 
element and IS2 element being arbitrary) and (3) the 
one having a nucleotide resulting from Joining of the 
nucleotide sequence of the ISl element (or IS2 
element) or a functional equivalent thereto and the 
nucleotide sequence of the IS2 element (or ISl 
element) or a functional equivalent thereto via an 
arbitrary nucleotide sequence. Preferred examples 
of the transcriptional activation factor, there may 
be mentioned (1) the IS2 element or a functional 
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equivalent thereto and (11) ttie product of tandem 
joining of the ISl element (or IS2 element) or a 
functional equivalent thereto and the IS2 element (or 
ISl element) or a functional equivalent thereto. As 
a specific example of the latter (11)^ there may be 
mentioned the one having the nucleotide sequence 
shown under SEQ ID NO : 3 . 

Referring to the transcriptional activation 
element mentioned above under (4), the Intervening 
nucleotide sequence between the ISl element and IS2 
element (the order being arbitrary) Is not 
particularly restricted but may be any nucleotide 
sequence on condition that the effects of the 
Invention are not counteracted. As a specific, but 
nonllmltat Ive , example, there may be mentioned one 
derived from the carrot PAL promoter sequence. 
Generally, such nucleotide sequence can have a size 
of 5 to 1,000 bp, preferably 300 to 500 bp. As a 
transcriptional activation element of such mode of 
embodiment, there may be specifically mentioned the 
one having the nucleotide sequence shown under SEQ 
ID NO:14. 

The transcriptional activation element of the 
present invention can be operatlvely Joined to a 
desired gene sequence to be Introduced Into a plant 
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body (-transgene sequence (Inclusive o£ foreign gene 
sequence)) and, further, the transcriptional 
activation element joined to said transgene sequence 
can be operatively joined to a functional DNA sequence 
or sequences, such as a promoter functional In a plant 
and/or a terminator functional in a plant. 

The expression "operatively joined" as used 
herein means that the transcriptional activation 
element Is located at a position sufficiently close 
to the above-mentioned transgene sequence or various 
functional DNA sequences to exert its influence on 
these sequences, irrespective of insertion site and 
direction - 

The transgene to be used in the practice of the 
present invention includes those DNAs which are 
desired to be expressed in plants, whether homologous 
or heterologous to said plants* Such transgene 
Includes, but is not limited to, genes coding for /3 
-glucuronidase; antibiotic resistance genes; genes 
coding for Insectlcldal and bactericidal 
pr o teinaceous toxins; genes for ant ipathogenlc 
compounds; genes synthesizing hypersensitivity 
compounds, such as peroxidases, glucanases, 
chltlnases, and phy t oalexins ; agrochemical , 
herbicide and microbicide resistance genes; genes 
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synthesizing plant enzymes (e.g. enzymes connected 
with the contents and qualities of proteins, starch, 
saccharides and fats) and genes for regulatory 
factors therefor; genes related to plant enzyme 
Inhibitors, such as protease and amylase Inhibitors; 
genes Involved In plant hormone synthesis; genes 
Involved In Insect hormone and pheromone synthesis; 
genes Involved In the synthesis of medicinal and 
nutritional compounds, such as jS -carotene and 
vitamins; and antlsense transcripts Interfering with 
nucleotide sequences occurring In plants (Transgenic 
Plant, vol. 1, Academic Press, 1993). 

The present Invention further relates to a gene 
expression cassette suited for application to plants, 
which comprises the above transcriptional activation 
element and a DNA sequence or sequences operatlvely 
Joined thereto. The "gene expression cassette" so 
referred to herein means a plasmld to be used for 
Introduction Into plants as well as a subfragment 
thereof • 

As the DNA sequence operatlvely joined to the 
transcriptional activation element, there may be 
mentioned functional DNA sequences such as promoter 
and terminator. Said DNA sequence can Include any of 
the above-mentioned transgene sequences. 
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The promoter, so referred to herein, means a DNA 
sequence which, when the structural gene for a desired 
protein Is Joined thereto downstream from said 
promoter, can regulate the expression of said protein 
via transcription followed by translation In plant 
cells, and It Includes all promoters functional In 
plants and used In the relevant field of art for the 
transformation of plants. A number of promoters have 
so far been used In transforming plants. Including, 
for example, the promoters Isolated from 
Agrobac t er lum tumef aclens - namely the octoplne 
synthase (ocs) promoter (L. Comal et al., 1985; C« 
Waldron et al., 1985), mannoplne synthase (mas) 
promoter and nopallne synthase (nos) promoter. The 
cauliflower mosaic virus 35S promoter, which Is 
generally used In the transformation, can adequately 
be used In practicing the present Invention. 
Modifications of the 35S promoter, for example the 
two parallel 35S promoters (R. Kay et al . , 1987) and 
the mas-35S promoters (L. Comal et al • , 1990), can 
also be used. Furthermore, the cauliflower mosaic 
virus 19S promoter (J. Paszkowskl et al., 1984) and 
sorophularla mosaic virus - derived 34S promoter (M. 
Sanger et al. , 1990) can also be Included. As further 
examples, there may be mentioned the actln promoter. 



35 

irlbulose - 1 . 5 -blspliosphat e carboxylase small subunlt 
(rboS) promoter and so forth, which are plant - derived 
promoters . 

The terminator Includes DNA sequences capable 
of efficiently terminating the transcription of a 
desired structural gene In plants and Includes all 
terminators functioning In plants that are used In 
the relevant field of art for the transformation of 
plants. Specifically, the nopallne synthase (nos) 
terminator, for example, can be mentioned as a typical 
example • 

The transcriptional activation element of the 
present Invention or the transgene expression 
cassette comprising said element can be used for 
Inducing or regulating the expression In a plant of 
the gene Introduced, and this widely applies to plants 
In general. 

The plant Is not particularly restricted but 
Includes, among others, agriculturally useful plant s , 
whether monoco tyledonous or dicotyledonous. Among 
the monocotyledonous plants, for Instance, there are 
corn, rice, wheat, barley, African or Indian millet, 
oat, rye, millet and other cereal crop plants as well 
as Illy, orchid. Iris, palm, tulip, sedge and other 
various ornamental plants. The dicotyledons Include 
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cliirysantliemuni . snapdragon, carnation, magnolia, 
poppy, cabbage, rose, pea, polnsettla, cotton, cactus, 
carrot, cowberry, peppermint, sunflower, tomato, elm, 
oak, maple tree, poplar, soybean, melon, beet, rape, 
potato, lettuce, carlca papaya, etc. 

The present Invention further provides a 
transgenic plant which contains the transcriptional 
activation element of the present Invention or the 
transgene expression cassette of the present 
Invention comprising said element and In which the 
phenomenon of the position effect-due gene silencing 
( Inact Ivat Ion ) has been suppressed for the desired 
foreign gene Introduced or the transcription of the 
foreign gene has been activated. Said transgenic 
plant Includes the offspring thereof. 

The term "plant" as used herein Is Intended to 
Include not only a perfect plant body but also a 
portion of a plant body, such as a leaf, seed, bulb 
or cutting. It further Includes protoplasts, plant 
calll, merlclones and like plant cells as well. 

The method of producing such transgenic plant 
Is not particularly restricted but may be any of those 
DNA Introduction methods which are conventionally 
used In the relevant field of art. Specifically, It 
Is a method of Introducing a DNA Into plant cells using 
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an expression plasmld containing the transcriptional 
activation element of the present Invention or a 
transgene expression cassette containing said 
element and Includes, among others, such known 
methods as the Agrobact erlum method, electric method 
( electroporat Ion ) and particle gun method. 

The thus -obtained plant cells containing the 
transcriptional activation element of the Invention, 
the transgene expression cassette containing said 
element, or the expression plasmld can be regenerated 
by one of the conventional methods used In the plant 
tissue culture technology as described, for example. 
In S. B. Gelvln, R. A. Schilperoot and D. P. S. Verma: 
Plant Molecular Biology Manual C1991), Kluwer 
Academic Publishers or Valvekens et al., Proc. Natl. 
Acad. Scl., Si: 5536-5540 (1988), whereby plant 
bodies, or portions thereof, derived from said plant 
cells can be obtained. 

The expression plasmld of the present Invention 
may be any one provided that It contains the desired 
DNA sequence to be Introduced (transgene) together 
with the transcriptional activation element and 
functional DNA sequences such as a promoter and a 
terminator. It Is preferred, however, that these DNA 
sequences be operatlvely joined to one another. The 



38 

phrase "operatlvely joined" means that the plasmld 
functions for the Intended purpose. Specifically, 
It is implied that when the plasmld in question is 
Introduced into plant cells, the desired transgene 
(structural gene) is expressed under the control of 
the transcriptional activation element and the 
expression is efficiently terminated by the action 
of the terminator, without inactivation of the 
promoter contained in said plasmld. 

The present invention further includes a method 
of causing expression of a transgene in a plant. Such 
method can be carried out at least by the step of 
introducing, into a plant, the transgene expression 
cassette with the transgene integrated therein, such 
as mentioned above, and the step of causing expression 
of said transgene in said plant. The introduction of 
the transgene expression cassette (DNA) into the 
plant and the expression of said transgene can both 
be effected by the techniques per se known in the art 
(Plant Molecular Biology Manual, 1991, Kluwer 
Academic Publishers) . 

EXAMPLES 

The following examples illustrate the present 
invention in further detail. They are, however, by 
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no means limitative of the scope of the present 
Invention. The genetic engineering techniques and 
the experimental procedures of molecular biology 
(restriction enzyme treatment conditions, ligation 
reaction conditions, transformation Into JB s s Qber io b i & 
aoll , etc.), which are to be employed In the practice 
of the present Invention, can be carried out as 
generally and widely employed, for example as 
described In J. Sambrook, E. F. Frlsch, T. Manlatls: 
Molecular Cloning, 2nd edition. Cold Spring Harbor 
Laboratory Press, 1989 and D. M. Glover: DNA Cloning, 
IRL Press, 1985, among others. 
Example 1 

1) Target plant, target gene 

In searching for MITE-llke elements, carrot 
{ Dauous aarata L. ov . Kurodagosun) was used as the 
target plant, and the phenylalanine ammonia - lyas e 
(PAL) of said carrot as the target gene. 

2) Cloning of the carrot PAL genes gDCPALS and 
gDCPAL4 Carrot genomic sequences were cloned from a 
carrot genomic DNA library. The carrot genomic DNA 
library was constructed, as previously described by 
the present Inventors (Ozekl, Y., Davles, E. and 
Takeda, J.: Structure and expression of chalcone 
synthase gene In carrot suspension cultured cells 
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regulated by 2,4-D. Plant Cell Physiol., 34: 
1029-1037 (1993)), from cultured carrot cells (Ozakl , 
Y. and Komamlne, A«: Induction of anthocyanln 
synthesis In relation to embryogenesls In a carrot 
suspension culture; Correlation of metabolic 
differentiation with morphological differentiation. 
Physiol. Plantarum, 53: 570-577 (1981)) using the A 
EMBL3 vector (product of Toyobo). 

Specifically, carrot genomic DNA was prepared 
from carrot freeze-drled using a 

cetylt rlmethylammonlum bromide (CTAB) solution 
according to the method of Murray and Thompson (1980) 
(Murray, M. G. and Thompson, W. F.; Rapid Isolation 
of high molecular weight plant DNA. Nucl. Acids Res. 
8: 4321-4325 (1980)). The genomic DNA obtained was 
partially digested with £s_ii3AI and the digested DNA 
was fractionated by size by the sucrose density 
gradient method. The DNA fraction within 15 to 20 kbp 
was collected and llgated to the &aMHI - digest ed A 
EMBL3 vector, followed by packaging In phage 
particles, to thereby construct a carrot nuclear 
library . 

Then, the carrot genomic library was screened 
(Sambrook et al . , 1989) for carrot PAL genomic clones 
using the PAL cDNA (ANT-PAL cDNA) as the probe cloned 
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by the method of Ozekl et al. (Ozekl, Y., Matsul, K., 
Sakuta, M., Matsuoka, M., Ohashl, Y«, Kano -Muirakaml , 
Y., Yamamoto, N, and Tanaka, Y.: Differential 
regulation of phenylalanine ammonia - lyase genes 
during anthocyanln synthesis and by transfer effect 
In carrot cell suspension cultures. Physiol. 
Plantarum, fiiL: 379-387 (1990)). The hybridization 
for screening of the carrot genomic library was 
effected by overnight treatment at 68"* C with a 
solution containing 6 x SSC, 60 mM sodium phosphate 
(pH 6.8), 10 mM EDTA, 1% SDS , 0.02% 

polyvinylpyrrolidone, 0.02% Flcoll 400 and 100 M g/ml 
denatured salmon sperm DNA. The membrane washing was 
carried out twice (15 minutes x 2) In a 2 x SSC solution 
containing 0.5% SDS at room temperature, twice (10 
minutes x 2) In a 0.1 x SSC solution or a 1 x SSC 
solution containing 0.1% SDS at room temperature and, 
finally, twice (30 minutes x 2) In a 0.1 x SSC solution 
at 68-C. 

As a result, eight positive clones were obtained. 
Restriction enzyme maps were prepared for such clones 
and, according to the maps, the clones were 
classifiable Into two genes, which were named gPCPALS 
and c^DCPAL4 . respectively. 

With gPCPALS r the A phage of a positive clone 
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was oultured. A DNA was extracted, cleaved with BmjbHX 
and subjected to Southern transfer to a nylon membrane, 
according to the methods described In Sambrook et al . 
(1989) . With this. Southern analysis was carried out 
using a probe prepared from the above-mentioned 
ANT-PAL gDNA by cleavage with Ean.Rl and labeling a 
DNA fragment (984 bp) thereof at the 5' end with [^^P] , 
and a 2.77 kbp DNA fragment hybridizing with said 
probe was obtained. This DNA fragment was cleaved 
with aamHI and subcloned In the pBluesorlpt SK plasmld 
treated with calf Intestine alkaline phosphatase 
(CIP ) , to give gDCPAL3-pro/SK (of. Fig. 3). Then , the 
plasmld gDCPAL3-pro/SK obtained was cleaved with the 
restriction enzymes gal l and AjiaX » a series of 
deletion DNA fragment groups were produced using 
exonuclease III and mung bean nuclease by the method 
described by Sambrook et al. (1989), and the 
nucleotide sequence of the gPCPALS DNA was determined 
using them. The site of transcription Initiation 
( + 1) was determined based on the positions of bands 
as found by the primer extension method using mRNA 
extracted from carrot as described by Ozekl and Takeda 
(1994) (Regulation of phenylalanine ammonia- lyase 
genes In carrot suspension cultured cells. Plant Cell. 
Tissue and Organ Culture, 3.8.: 221-225 (1994)). 
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With gDCPAL4 , the plasmld gDCPAL4 - pr o / SK was 
produoed and the nucleotide sequence of the gDCPAL4 
DNA corresponding to the above was determined In the 
same manner. Specifically, the A DNA obtained from 
the A phage of a positive gPCPALd clone was cleaved 
with fflnd lll and Bam HI - Southern analysis was 
performed using the same probe as mentioned above, 
and a 1.63 kbp DNA fragment hybridizing with the probe 
was cleaved with JgXadlll and JLulHI and subcloned In 
the pBluesorlpt SK plasmld treated with CIP, to give 
gDCPAL4 -pro/SK . Then, the t hus - obtained plasmld 
gDCPAL4 -pro/SK was cleaved with the restriction 
enzymes Xba l and JBsjtXI , a series of deletion DNA 
fragment groups were produced using exonuclease III 
and mung bean nuclease by the method described by 
Sambrook et al. (1989), and the nucleotide sequence 
of the gDCPAL4 DNA was determined using them. 
3) Results 

Comparison of the nucleotide sequences of 
gDCPAL3 and gDCPAL4 revealed that the promoter region 
of aDCPAlM3 has miniature Invert ed- repeat 
transposable elements (MITEs) having Imperfect 
Inverted repeat sequences not found In gDCPAlM4 were 
present at two sites, namely 

-1897 to -1599 (299 bp In length) and -1157 to -389 
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(769 bp In length) (Fig. 4). These sequences were 
named ISl and IS2, respectively. 

These sequences and the nucleotide sequences 
around the sites of Insertion were sequenced using 
an autosequenoer (product of LICOR model 4000L) . The 
nucleotide sequence of XSl Is shown under SEQ ID NO : 2 
and the nucleotide sequence of ISl under SEQ ID NO : 1 . 

The characteristics of these ISl and IS2 were 
as follows: 
(1) ISl 

It had the nucleotide sequence shown under SEQ 
ID NO : 2 (total length: 299 bp), had Inverted repeat 
sequences (32 bp) , which were Imperfect to each other. 
In the 5' and 3' terminal regions, and had a target 
duplication sequence, TA, at the site of Insertion 
Into the genome serving as the target gene. Based on 
these facts. It was estimated to be the gene sequence 
of a novel MITE element belonging to the family 
StowstwetY already reported (Bureau, T. E. andWessler, 
S. R. Stowaway t a new family of Inverted repeat 
elements associated with the genes of both 
monocotyledonous and dicotyledonous plants. Plant 
Cell, fi_: 907-16 (1994)). The stem structure of the 
element ISl and the structure of the terminal Inverted 
repeat sequence region and of the Insertion site 
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region are sliown In Fig. 2. 

Based on the nucleotide sequence Information 
obtained, homology analysis of the nucleotide 
sequence was performed using commercial databases 
(e.g. GENE Tyx-MAC/CD1995 ) , whereupon. In the 
terminal Inverted repeat sequences, 70-90% homology 
was found with the gene sequence of MITE elements 
belonging to the Stowaway family (Bureau and Wessler 
(1994)). It was thus confirmed that said element Is 
a transposable element belonging to the Stow&wuy 
family (Fig. 5). 
(2) IS2 

It had the nucleotide sequence shown under SEQ 
ID NO : 1 (total length: 769 bp), had Inverted repeat 
sequences (158 bp) , which were Imperfect to each other. 
In the 5' and 3' terminal regions, and had a target 
duplication sequence, AAAAGAAAA, at the site of 
Insertion Into the genome serving as the target gene. 
Homology comparison of the nucleotide sequence was 
made but no homology with known transposable elements 
was detected. It was thus found that It Is a 
transposable element, particularly a MITE-llke 
element, constituting a novel family belonging to 
none of the so far known transposable element families . 
The overall structure (stem structure) of the IS2 
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element Is shown In Fig. 1 and the structure 
(nucleotide sequence) of Its terminal Inverted repeat 
sequence region and of the Insertion site region In 
Fig, 6. 
Example 2. 

(1) Cloning of ISl, IS2, IS12 and MU3 
(1) Cloning of ISl (Fig. 7) 

From among the plasmlds having a deletion DNA 
fragment derived from the 3' terminus of the ^DCPAD3 
promoter region as prepared for nucleotide sequence 
determination In Example 1, a plasmld (gDCPALB- 
ISl/SK) with deletion to -1581 was selected, and a 
321 bp DNA fragment was excised by cleaving that 
plasmld with KpnX . rendering blunt-ended using T4 DNA 
polymerase and cleaving with SsiMX , followed by 
agarose gel electrophoresis. This was subcloned In 
the plasmld pBluescrlpt SK cleaved with Hlno l I and 
treated with CIP. Plasmlds were extracted from among 
EsahGr±ah±a qqXX colonies harboring a plurality of 
Independent clones obtained by the above subclonlng 
and the nucleotide sequences thereof were determined 
for revealing the direction of each DNA fragment 
Inserted. In this way, a plasmld with the 5' terminal 
side of ISl being Inserted on the K^jlL side of the 
multiple cloning site of the pBluescrlpt SK plasmld 
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was selected and named ISl/SK. Further, the 
cauliflower mosaic virus 35S promoter (35S) fragment 
obtained by cleavage of pBI221 (Clonteoh Inc.) with 
^SXoiilll and Sma l was recovered by agarose gel 
electrophoresis and subcloned In the pBluescrlpt SK 
plasmld cleaved with fiXajdlll and gma l and treated with 
CIP, to give a plasmld named 35S/SK. From ISl/SK, the 
Insert DNA fragment was excised by cleaving with EjLOX 
and iflnd lll , followed by agarose gel electrophoresis, 
and this was subcloned In the 35S/SK plasmld cleaved 
with K^nX and Hlnd lll and treated with CIP, to give 
IS1-35S/SK having the ISl region In the upstream 
region of the 35S promoter region. 
(11) Cloning of IS2 (Fig. 8) 

From among the plasmlds having a deletion DNA 
fragment derived from the 3" terminus of the ^DCPAL3 
promoter region as prepared for nucleotide sequence 
determination In Example 1, a plasmld (gDCPALS- 
IS12/SK) showing deletion to -389 was selected, and 
a 797 bp DNA fragment was excised by cleaving that 
plasmld with JCpn l , rendering blunt-ended using T4 DNA 
polymerase and cleaving with ££Le.I , followed by 
agarose gel electrophoresis. This was subcloned In 
the plasmld pBluescrlpt SK cleaved with H±na X I and 
treated with CIP. Plasmlds were extracted from among 
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E, aol± oolonles harboring a plurality of Independent 
olones obtained by the above subolonlng and the 
nucleotide sequences thereof were determined for 
revealing the direction of each DNA fragment Inserted. 
In this way, a plasmld with the 5' terminal side of 
IS2 being Inserted on the K pn T. side of the multiple 
cloning site of the pBluescrlpt SK plasmld was 
selected and named IS2/SK-1. One with the 3' terminal 
side of IS2 being Inserted on the Kpnl side, namely 
In the reverse direction, was selected and named 
IS2/SK-2 (reverse). 

IS2/SK-1 was cleaved with and HXudlll and 

the Insert DNA fragment was recovered by agarose gel 
electrophoresis, and this was subcloned In the 35S/SK 
plasmld cleaved with KmLL and AljLdlll and treated with 
GIF, to give IS2-35S/SK having the IS2 region 
(positive strand) In the upstream region of the 35S 
promoter region. 

(Ill) Cloning of IS12 (IS1-IS2 tandem coupling 
product) (Fig. 9) 

The IS2/SK-2 (reverse) obtained as described 
above under (11) was cleaved with KjmJ- » rendered 
blunt-ended using T4 DNA polymerase and then cleaved 
with Hind i 1 1 - and the Insert DNA fragment was 
recovered by agarose gel electrophoresis. This was 
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cleaved with Pst T . rendered blunt-ended using T4 DNA 
polymerase and then suboloned In the IS1-35S/SK 
plasmld cleaved with Hlnd lll and treated with CIP, 
to give IS12-35S/SK having the ISl region and IS2 
region In the upstream region of the 35S promoter 
region In a tandem manner. 
(Iv) Cloning of MU3 (Fig. 10) 

As for MU3, gDCPAL3 - IS12/SK was cleaved with 
KpnT - then rendered blunt-ended using T4 DNA 
polymerase and cleaved with Saa T . and a 1,514 bp DNA 
fragment was recovered by agarose gel electrophoresis • 
This was suboloned In the pBluescrlpt SK plasmld 
cleaved with Hind i and treated with CIP. Plasmlds 
were extracted from a plurality of E . aol± colonies 
harboring each Independent clone as obtained by the 
above subclonlng and the nucleotide sequences thereof 
were determined to thereby check the direction of DNA 
fragment Insertion. A plasmld with the 5* terminal 
side of ISl Inserted on the JCpn l side of the 
multlclonlng site of the pBluescrlpt SK plasmld was 
selected and named MU3/SK. The Insert DNA fragment 
was excised by cleaving MU3/SK with KjmX and Hind i 1 1 - 
followed by agarose gel electrophoresis. This was 
suboloned In the 35S/SK plasmld cleaved with Kpn T and 
BAu^lTl and treated with CIP, to give MU3-35S/SK 
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bavlng the ISl region and IS2 region, via a 
gPCPAJi 3 -derived region sequence (441 bp). In the 
upstream region of the 35S promoter region. 
(2) Insertion of ISl, IS2, IS12 and MU3 Into a plant 
gene expression vector (Fig. II) 

pABN-Hml (Mlta, S., Suzuki - FuJ 11 , K. and 
Nakamura, Sugar - Inducible expression of a gene for 
^-amylase In Arabldopsls thallana. Plant Physiol., 
107 s 895-904 (1995); gift from Dr. Kenzo Nakamura at 
Nagoya Unlverlsty) was cleaved with flAn^III to 
thereby excise the /3 - amylase promoter (1.7 kb ) , which 
was rendered blunt-ended using T4 DNA polymerase, 
then cleaved with KhAT , treated with CIP and then 
subjected to agarose gel electrophoresis, whereby a 
10 kbp DNA fragment containing the Tl plasmld region 
as well as the kanamycln resistance gene [nos 
promoter/coding region of neomycin 

phosphotransferase II gene (nptII)/nos terminator], 
the coding region (6ns)/nos terminator of the jS - 
glucuronidase gene, and the hygromycln resistance 
gene [35S promoter /coding region (HPT) of hygromycln 
phosphotransferase gene/nos terminator] was Isolated. 
In this was subcloned a 35S fragment obtained from 
35S/SK by cleavage with Hlna XTT . rendering blunt- 
ended using T4 DNA polymerase and cleaving with KltaX , 
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to oonstruot pAB35S. 

This was cleaved with Xho T and 2LhMJ and treated 
with CIP and then a vector was prepared by cutting 
off the 35S DNA fragment by agarose gel 
electrophoresis. Separately, the IS1-35S/SK, IS2- 
35S/SK, IS12-35S/SK and MU3-35S/SK prepared as 
mentioned above were each cleaved with jC&_aI and Xba l 
and DNA fragments for Insertion (transgene expression 
cassettes) were recovered by agarose gel 
electrophoresis. Such DNA fragments were llgated to 
the vector mentioned above and used to transform E . 
GQ±± DH5 Of . LB agar medium containing 25 /X g/L of 
kanamycln (1% Bacto -Trypt on , 0.5% yeast extract, 1% 
sodium chloride, 1.5% agar powder for bacterial 
culture media) was sowed with each of the g > aol± 
transf ormant s obtained, and plasmlds were extracted 
from the colonies obtained by the rapid plasmld DNA 
extraction method and the restriction enzyme maps of 
the plasmlds obtained were checked, whereby the 
formation of the constructs pISl - 35S/AB35S , pIS2- 
35S/AB35S, pISl 2 - 3 5S/ AB3 5S and pMU 3 - 3 5 S / AB 3 5 S , 
namely the constructs with the above transgene 
expression cassettes respectively Inserted between 
the nptXI gene responsible for kanamycln resistance 
and the GUS gene, which Is a structural gene, was 
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confirmed as shown In Fig. 11. 

(3) Production of competent cells of AgrohaatGrlum 

tumef aalens 

A YEP solid medium (prepared by adding powdered 
agar for bacterial culture media to YEP medium 
comprising 1% yeast extract, 1% Bactoheptone and 0.5% 
sodium chloride to a concentration of 1.5%, followed 
by solidification by autoclavlng; hereinafter the 
same shall apply) was smeared with a loopf ul of cells 
taken from a glycerol stock of A* tumefaclGns EHA 101 
and the cells were cultured at ZS"" C In the dark for 
2 days. Grown single colonies of A- tramef aoleng were 
each collected with a toothpick and sowed In 1.5 ml 
of YEP medium and shake - cult ured overnight at 28* C. 
80 ml of YEP medium was placed In a 500-ml flask, 0.8 
ml of the A. tum&faa±^ns culture fluid was added, and 
shake culture was performed at 28"* C until OD^^o = 0.4. 
This was cooled with Ice, transferred to a centrifuge 
tube Ice-cooled In advance, and centrlfuged at 6,000 
rpm at 4^ C for 5 minutes, the supernatant was removed, 
and 20 ml of 10% glycerol was added to suspend the 
sediment. This procedure was repeated three times, 
and the medium was completely removed to give 
competent cells of A. tumBfaoions. For stocking, the 
cells were suspended In 400 H 1 of 10% glycerol and 
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the suspension was distributed In 40- H 1 portions Into 
tubes, followed by rapid freezing In liquefied 
nitrogen • 

(4) Introduction of plasmld DNAs Into A- tumGfaa±&ns 
The constructs obtained as described above under 

(2) (plasmlds pISl - 35S/AB35S , pIS2 - 35S/AB35S , 
PIS12-35S/AB35S and pMU3 - 3 5 S / AB3 5 S ) were each 
Introduced Into the competent cells of A. turnGfaal^ns 
by electoporat Ion (using Shlmadzu GTE-10). 
Specifically, about 100 ng each of the plasmlds 
prepared as described above under (2), namely 
PIS1-3 5S/AB3 5S (ISl) , pIS2 - 3 5S/AB3 5S (IS2) , 
PIS12-35S/AB35S (IS12) and pMU3 - 3 5 S / AB3 5S (MU3), and 
the plasmld pAB35S (35S) to serve as a control with 
no Insertion of the t anscrlpt lonal activation 
element(s) (ISl and/or IS2) was admixed with 40/^1 
of competent cells prepared as described above under 

(3) , and each mixture was transferred to an 
electroporat Ion cell. Electric pulses (1,2 kV , 35 IL 
F, 550 Q) were given, and 1 ml of YEP medium was 
Immediately added, and Incubation was performed at 
28"* C for 1 hour. About 50 Ml was taken and YEP solid 
medium containing 50 II g/L of hygromycln was smeared 
therewith, and Incubation was performed In the dark 
at 28** C for 2 days. A monocolony that had grown was 
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again spread lightly over another portion of YEP solid 
medium containing 50 U g/L of hygromyoln using a 
platinum loop and Incubated at 28** C for 24 hours* A 
portion of cells were taken and planted In 5 ml of 
YEP medium containing 50 Mg/L of hygromycln and 
shake-cultured overnight at 28*" C. 
Example 3. 

( 1 ) Introduction of transcriptional activation 
element -containing constructs Into tobacco cultured 
cells 

Using tumef aolens with the construct prepared 
In Example 2, namely pISl - 3 5S/ AB3 5S (ISl), pIS2- 
35S/AB35S (IS2) or pIS12 - 35S/AB35S (IS12), 
Introduced therein (hereinafter referred to as 
" transf ormant A. tamejCaoleng " ) . the constructs ISl, 
IS2 and IS12 were respectively Introduced Into 
tobacco cultured cells. In a control run, A. 
tumGfaalGns with pAB35S (35S) Introduced therein was 
used and the same procedure was followed* 

First, the above transformant A. tumef bcIgiis 
cultured In 5 ml of YEP liquid medium was transferred 
to a 50-ml centrifuge tube and centrlfuged at 3,000 
rpm for 10 minutes. The supernatant was discarded, 
25 ml of Llnsmaler & Skoog medium (Llnsmaler, E. M. 
andSkoog, P.; Physiol. Plantaruml8, 100-127 (1965); 
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he^e lna£i:er r^fe^^sd 1:o as "Lins medium") wa.s added 
to the sediment and, after resuspendlng , 
oent r Ifugat Ion was carried out again at 3,000 rpm and 
at room temperature for 10 minutes, and the 
supernatant was discarded. This procedure was 
repeated four times. Cells of A- tutnGfaalGzis were 
harvested, Llns medium was added for suspending In 
an amount to give OD^qo "=0.2, ace t osyr Ingone was added 
thereto to a concentration of 10 Hg/ml, followed by 
resuspendlng. 

Saparately, cultured tobacco cells BY-2 (gift 
from Dr. Toshlyukl Nagata at University of Tokyo) to 
be used for Introduction of each construct were 
cultured beforehand In 45 ml of Llns medium containing 
2 , 4 -dlchlorophenozyacet Ic acid (2,4-D), 1 ml of the 
cell - containing suspension culture fluid was 
transferred to a fresh portion of Llns medium at 
one-week Intervals, and cells that had entered the 
logarithmic growth phase after the lapse of about 100 
hours following transfer were used. 

A sterile 90-mm dish was sowed with said tobacco 
cultured cells BY-2 (4 ml), and 100 M 1 of cells of 
transformant A. tumGfa.a±&ns washed by the above 
procedure were added uniformly onto the tobacco 
cultured cells. After slight blending, co-culture 
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was carried out In the dark at 22^*0 for 3 days. 

Then, 12 ml of Llns medium was added to the 
cultured cell fluid for suspending, the suspension 
was transferred to a 50-ml centrifuge tube and 
centrlfuged at 1,000 rpm for 1 minute, and the 
supernatant was discarded. This procedure was 
repeated four times. Then, 12 ml of Llns medium 
containing 250 /X g/ml of olaforan was added and the 
same procedure as mentioned above was once more 
repeated* After discarding the supernatant, about 
25 ml of Llns medium was added to the sediment cells 
to thereby suspend them, and the cells In 0.25 M 1 of 
the medium were counted using a hemocy t ome t er . The 
cells were uniformly sowed onto portions of Llns solid 
selection medium containing 100 Atg/ml or 300 Mg/ml 
of kanamycln (further containing 250 M g/ml of 
claforan) so that the number of cells per plate 
amounted to 4 x 10®, 6 x 10', 8 x 10*, 10 x lo® or 15 
X 10®. They were cultured In the dark at 28* C. After 
one month of culture, the number of transgenic 
cultured tobacco cells ( transf ormant calll) formed 
on each plate and the formation rate or yield were 
determined. The results thus obtained are shown In 
Table 1 and Fig. 12. 
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Table 1 

Number of transf ormant calli formed from cultured tobacco 
cells By-2 in kanamycin - containing medium and rate of 
transformant callus formation 



Kanamycin 100 


U g/ml 








Number of 


4 


6 


8 


10 


cells (x 10^) 










ISl 


4±0 


20±4 


43±3 


99±10 




(0.10) 


(0.33) 


(0.54) 


(0.99) 


IS2 


10±7 


72±13 


84±4 


137±12 




(0.25) 


(1.20) 


(1.05) 


(1.37) 


IS12 


16±3 


70±6 


124±16 


220±4 




(0.40) 


(1.67) 


(1.55) 


(2.20) 


35S 


3±2 


40±8 


47±2 


83113 


( Control ) 


(0.08) 


(0.67) 


(0.59) 


(0.83) 


Kanamycin 30 0 


U g/ml 








Number of 


4 


6 


8 


10 


cells (k 10^) 










ISl 


0 


3±0 


10±3 


20±5 




(0.00) 


(0.05) 


(0 . 13) 


(0.20) 


IS2 


0 


4±2 


36±4 


72111 




(0.00) 


(0.07) 


(0.45) 


(0.72) 


IS12 


2±1 


15±1 


41±2 


8915 




(0.05) 


(0.25) 


(0.51) 


(0.89) 


35S 


0 


0 


3±2 


37116 


(Control) 


(0.00) 


(0.00) 


(0.04) 


(0.37) 



Upper: Number of calli formed 
Lower: Yield (x 10"^ %) 



From the above results, it was found that 
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Insertion of the construct IS2 or IS12 Into tobacco 
cultured cells Increases the yield of transformant 
calll In kanamyoln-contalnlng medium and that the 
yield Is higher than the yield of transformant 
calluses from cultured tobacco cells (35S) without 
Insertion of such element. Specifically, the yield 
of transformant calll (transgenic cultured tobacco 
cells) with the construct IS2 or IS12 Introduced 
therein was 1.6 to 2.6 times higher as compared with 
the control (35S) without introduction of such 
element . 

Particularly when the kanamycln concentration 
In medium was 300 /Xg/ml, It was observed that, by 
Introducing the construct IS2 or XS12, the yield of 
transformant calll Is Increased to a level 10 times 
or more higher as compared with the control (35S). 
This suggests that Insertion of the construct IS2 or 
IS12 result In an Increased level of expression of 
the ntpll gene responsible for kanamycln resistance 
and occurring In the vicinity or marginal region of 
said construct. 

(2) GUS activity measurement In transformant 
tobacco calll 

Based on the above results, the expression of 
the GUS gene, which Is a reporter, was checked using 
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the above pIS12-35S/AB35S (IS12) as the construot, 
to thereby check whether the above Inserted construct 
can Increase the expression of the structural gene* 

The expression of the GUS gene was examined by 
first randomly selecting Independent calll from among 
a plurality of transf ormant tobacco calll, extracting 
nuclear DNA from each callus and, after confirming 
the gene Introduction by Southern analysis, 
extracting proteins from.the callus and measuring the 
GUS activity. Specifically, 0.75 g of the 
transformed tobacco callus was taken and proteins 
were extracted using GUS-Llght (Troplx, Inc.). The 
protein concentration was determined using Blo-Rad's 
protein assay kit and then, using GUS-Llght (Troplx) 
and the lumlnometer Lumat LB905 (Bertold Japan), the 
GUS activity was measured for 5 seconds. The results 
thus obtained are shown In Fig. 13. In the figure, 
the GUS activity (ordinate) Is shown In terms of 
luminescence value per unit weight of protein as 
calculated by dividing the luminescence value 
obtained from the lumlnometer by the protein weight. 

As Is evident from Fig. 13, the transformant 
tobacco calll resulting from Insertion of the 
construct IS12 showed, on an average, about 2.6 times 
higher GUS activity as compared with the control 
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resulting from Insertion of element - free pAB35S (35S) . 
From tbls. It was found that the expression of the 
GUS gene Is significantly Increased by Insertion of 
the construct IS12. 

This Indicates that each element (ISl element, 
IS2 element, and a coupling product therefrom (e.g. 
IS12 element)) contained In the above constructs Is 
a transcriptional activation element. 
Example 4 Introduction of a transcriptional 
activation element - containing construct Into a 
tobacco plant (leaf disk method) 

Using A. tumG£aa±Gns with the construct prepared 
In Example 2, namely p I S 1 - 3 5 S / AB3 5S (ISl), pIS2- 
35S/AB35S (IS2) or p I S 1 2 - 3 5 S / AB 3 5 S (IS12), 
Introduced therein (hereinafter referred to as 
" transf ormant A. tumGfaal&ns '' ) , the constructs ISl, 
IS2 and IS12 were respectively Introduced Into 
tobacco leaves by the leaf disk method. In a control 
run. A* tumGfaa±&ns with the cons truct - free pAB35S 
(35S) Introduced therein was used and the same 
procedure was followed. 

Specifically, each tobacco (SR 1) leaf was 
Immersed In a 10% hypochlorous acid solution, air 
bubbles were removed using a medicine spoon over 2 
minutes with gentle stirring by means of a stirrer. 
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the solu-tlon was renewed and the same procedure was 
repeated for further 5 minutes. The leaf was taken 
out and Immersed In sterilized water, followed by 
gentle stirring. While replacing the hypochlorous 
acid solution with a fresh portion, the same procedure 
was repeated three times In all. After removing the 
moisture using a sterilized paper towel, the leaf was 
punched with a cork borer to give a leaf disk (the 
vein being removed) . This was Immersed In 10 ml of 
sterilized water. The thus ~ prepared leaf disk was 
Immersed In the above-mentioned transformant A- 
tum&fao±Gns cultured In 5 ml of .YEP medium (adjusted 
to ODgoo = 0.25 with sterilized water). Then, the 
bacterial suspension and the leaf disk were together 
emptied onto a sterilized paper towel and the moisture 
was removed with another sterilized paper towel. 

The leaf was placed. Inside out, on MS Infection 
medium prepared by supplementing MS medium (Murashlge, 
T. and Skoog, F.; Physiol. Plantarum ii, 473-497 
(1962)) with 40 mg/L acet osyrlngone and 0.2% gelan 
gum, and cultured In the dark at 25'' C for 2 days. Then, 
each leaf disk was deprived of bacterial cells In the 
manner of wiping with MS differentiation medium (MS 
medium supplemented with 0.1 mg/L <X - 

naphthaleneacet Ic acid, 1 mg/L benzyladenlne , 150 
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mg/L kanamyoln , 5 00 mg/L olaforan and 0.2% gelan gum) , 
then placed. Inside out, on another portion of MS 
differentiation medium and cultured at 25'' C. The 
medium was replaced with a fresh portion of MS 
differentiation medium at two-week Intervals and, 
after the lapse of one month, regenerated shoots were 
counted. The results thus obtained are shown In Table 
2 . 



Table 2 

Comparison In number of regenerated shoots on tobacco leaf 



disks 



Number of 
shoots per disk 


35S 


ISl 


IS2 


IS12 


0 


73 


49 


56 


50 


1. 


26 


21 


20 


23 


2 


13 


17 


11 


14 


3 


10 


14 


8 


5 


4 


3 


6 


9 


8 


5 


2 


1 


2 


1 


6 


1 


3 


3 


2 


7 


0 


1 


2 


5 


8 


1 


0 


0 


3 


9 


0 


0 


0 


1 


10 


0 


0 


2 


1 


11 


0 


0 


0 


1 


12 


0 


0 


0 


1 


13 


0 


0 


0 


0 


14 


0 


0 


0 


2 


Total number of 
disks 


129 


112 


113 


117 


Total number of 
shoots 


118 


151 


164 


244 


Average number 
of shoots per 
disk 


0,91 


1.35 


1.45 


2 . 09 
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As Is evident from the above results, the shoot 
regeneration efficiency was about 1,4 times when the 
tobacco plant contained the construct ISl or IS2 as 
compared with the element-free control (35S) and. In 
particular when It contained both ISl and IS2 In a 
tandem manner (IS12), about twice as many shoots were 
obtained as compared with the control. From this. It 
Is evident that the elements of the present Invention 
(ISl element, IS2 element and coupling products 
obtained therefrom (IS12 and the like)) can Increase 
the activity of the kanamycln gene (ntpll gene) 
occurring In the vicinity or marginal region of said 
elements In the tobacco plant. This result supports 
the judgment drawn in Example 3 that the elements of 
the present Invention are transcriptional activation 
elements . 

ISatiample 5. introduction of transcriptional 

activation element - containing constructs into carrot 
somatic embryos 

Using A. tuaiGfaalGns wit:ii the construct prepared 
In Example 2, namely pISl - 35S/AB35S (ISl), pIS2- 
35S/AB35S (IS2), pi S 1 2 - 3 5 S / AB 3 5 S (IS12) or pMU3- 
35S/AB35S (MU3), Introduced therein (hereinafter 
referred to as " transf ormant A- tum&£^ni^n^ « > the 
constructs ISl, IS2, IS12 and MU3 were respectively 
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Introduced Into carrot somatic embryos. In a control 
run, A. ±umGfaa±Gns with the cons truct - free pAB35S 
(35S) Introduced therein was used and the same 
procedure was followed. 

Specifically, first, carrot hypocotyls 
germinated under the sterilized condition were cut 
to a length of about 1 cm, then placed In MS medium 
containing 4.5 x 10* M 2,4-D (2,4- 

dlchlorophenoxyacet Ic acid) and cultured In the dark 
for 24 hours, then placed In 2,4-D-free MS medium and 
cultured In the dark for 3 days. The medium was 
replaced with a fresh portion and cultivation was 
performed In the same manner for 7 days to Initiate 
carrot somatic embryos on the hypocotyls. 

Separately, a culture of the above transformant 
A* tum&fAcs±Gns cultured In 5 ml of YEP medium was 
centrlfuged at 3,000 rpm for 10 minutes, the 
supernatant was removed, and about 30 ml of MS medium 
was added to suspend the cells. This procedure was 
repeated twice and the YEP medium was completely 
removed. Then, centr If ugat Ion was carried out at 
3,000 rpm for 10 minutes, the supernatant was removed, 
and MS medium containing 10 mg/L of ace t osyr Ingone 
was added to the sediment to thereby adjust to OD^oo 
= about 0.3. 
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To this were added the above carrot hypocotyls 
collected using a net, and the mixture was shaken 
gently for 5 minutes. The hypocotyls were deprived 
of the moisture by wiping with a sterilized paper 
towel and Immersed In MS medium containing 10 mg/L 
of acetosyrlngone and cultured In the dark at 22* C 
for 3 days. The hypocotyls were deprived of the 
moisture by wiping with a sterilized paper towel and 
Immersed In MS medium containing 500 tl g/L of 
carbenlclllln and washed with the medium by shaking 
gently. After removing the moisture In the same 
manner, the hypocotyls were cultured In MS agar medium 
(containing 0.8% agar) containing 500 Mg/L of 
carbenlclllln and 100 tl g/L of kanamycln In the dark. 
After 1.5 to 3 months, hypocotyls that had each 
regenerated a callus were counted. The results thus 
obtained are shown In Table 3. 
Table 3 



Comparison In number of oallus - regenerating hypocotyls 





35S 


ISl 


IS2 


IS12 


MU3 


+ 2 , 4 -D 


Number of callus-re- 
generating hypocotyls 


5 


6 


10 


9 


8 




Tctal number of 
hypoo o t y 1 s 


78 


56 


60 


61 


63 




Percent re genera t Ion (% } 


6 . 4 


11 


17 


15 


13 


- 2 , 4 -D 


Number of callus-re- 
generating hypocotyls 


3 


9 


12 


6 


4 




Total number of 
hypocotyls 


77 


62 


62 


64 


58 




Percent regeneration (%) 


3 . 9 


13 


19 


9 . 4 


6 . 9 




As Is evident: from Table 3. with oaxrirol: somatlcs 
embryos as well, like the case of tobacco calll, the 
regeneration efficiency was found Improved upon 
Insertion of the construct ISl, IS2, IS12 and MUS 
under the dedlf f erent lat lonal growth conditions of 
oulturlng In 2 , 4 - D - cent alnlng medium ( -i- 2,4-D) as 
well as under the different lat lonal growth conditions 
of culturlng In 2,4-D-free medium (- 2,4-D)* The 
greatest Improvement In regeneration efficiency was 
observed In the case of the construct IS2 Inserted. 
Example 6 Introduction of transcriptional 
activation element - containing constructs Into rice 

Using A. tumBfaclens with the construct prepared 
In Example 2, namely pi S 1 - 3 5 S / AB 3 5 S (ISl) or 
pIS2 - 35S/AB35S (IS2), Introduced therein 
(hereinafter referred to as " transf ormant A* 
tumef&Qlexis" ) r the constructs ISl and IS2 were 
respectively Introduced Into rice seeds. In a 
control run, A- tumBfaa±Gns with the element-free 
pAB35S (35S) Introduced therein was used and the same 
procedure was followed. 

Specifically, from among fully ripened rice 
seeds (Nlhonbare), those normal In shape and color, 
among others, were first sel cted and dehulled by 
lightly rubbing In a mortar. Dehulled seeds were 
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placed In a 50-ml Falcon tube. 2.5% sodium 
hypochlorite was added, and the mixture was shaken 
at 100-120 rpm for 20 minutes. Then, the supernatant 
was discarded, sterilized water was added, and the 
mixture was shaken gently. After three repetitions 
of this procedure, the seeds were placed on callus 
Induction medium and cultured In the dark at 28'' C. 

After 3 to 4 weeks, among calll formed from 
scutella and having growing yellowed shoots, only 
those having a diameter of 2-3 mm and looking like 
scattered In a group of several were placed on fresh 
callus Induction medium and cultured In the dark at 
28* C for 7 days . 

Separately, the above transformant A. 
tumefaa±Gns was planted In YEP solid medium and 
cultured In the dark at 28'' C for 3 days. Cells of A* 
tumGfaclens were scratched off with a medicine spoon 
and added to AAI medium (Torlyama, K. and Hlrata, K.; 
Plant Science AX, 179-183 (1985)) supplemented with 
acetosyrlngone , and the OD^oo was adjusted to 0.18 to 
0.2. They were shake - cult ured in the dark at 25*C for 
1 hour. 

The rice calll cultured In the above manner were 
placed in a sterilized tea strainer, and the above 
cultured A. tuniBf nolens in the form of a suspension 
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was added* The tea strainer was shaken for 3 minutes 
with occasional rocking for securing Immersion of the 
whole oalll, then the tea strainer and the contents 
were together placed on a paper towel, and the 
excessive bacterial culture fluid was removed. The 
calll were placed on co-culture medium and cultured 
In the dark at 25** C for 3 days. 

The co-cultured calll were then collected In a 
tea strainer. Immersed In sterilized water 
supplemented with 500 mg/1 of claforan, the tea 
strainer was shaken to wash away A- tumGfaal&ns ^ the 
tea strainer and the contents were then together 
placed on a sterilized paper towel, and the water was 
removed. The same procedure was repeated four times 
In all. The calll were placed on selection medium and 
cultured In the dark at 28'' C. Three to four weeks 
later, calll were randomly selected from among a large 
number of calll, a portion of each selected callus 
was taken and placed In a GUS staining solution (0.75 
mM X-Gulo ( 5 -bromo - 4 - chloro - 3 - Indolyl - jS -D- 
glucuronlc acid), 0.5 mM potassium f errlcyanlde , 0.5 
mM potassium f errocyanlde , 0.3% Triton X-100, 20% 
methanol, 50 mM phosphate buffer (pH 7.0)), and the 
reaction was allowed to proceed overnight at 37'*C for 
detecting GUS activity. The callus stained blue and 
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thus showing GUS activity Is a transgenic, 
transformed rice callus. The results thus obtained 
are shown In Table 4. 



Table 4 

Results o£ rice callus staining for GUS 





358 


ISl 


IS2 


Calluses stained 


27 


38 


44 


Total number of calluses 


275 


244 


228 


Percentage of transf ormant calluses (%) 


9.8 


15.6 


19.3 



As Is evident from the results shown In Table 
4, the transformation efficiency was found Increased 
by Introduction of the constructs ISl and IS2 to about 
1.5 times and about 2 times, respectively, as compared 
with the control (35S). 

The above-mentioned Examples 1 to 6 showed that 
the regeneration efficiency (transformation 
efficiency) is increased by using the transcriptional 
activation elements (ISl, IS2, IS12, MU3) of the 
present invention. The following three 
possibilities can be considered as the reasons: 

(1) The possibility of the efficiency of 
introduction of Tl plasmld into plant cells being 
increased ; 

(2) The possibility of the efficiency of 
regeneration from cells being increased as the result 
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of an Increase ±n nos promoter activity owing to the 
ISl and/or IS2 element and consequent promotion of 
the transcription of the nptll gene, which leads to 
production of the gene product In an Increased amount, 
and, hence. Increase In number of cells capable of 
growing on the kanamycln - cent alnlng medium used for 
selection; and 

(3) The possibility of the ISl and/or IS2 element 
activating the gene region In the vicinity or marginal 
region thereof or preventing said gene region from 
being Inactivated . 

The gene Introduction by means of Tl plasmld does 
not lead to Insertion at a determined site on the plant 
chromosome but Is Indefinite as to the site of 
Insertion. Therefore, It Is accidental whether the 
gene In question Is Inserted In an active site 
determined by the structure of the chromosome or in 
a cryptic site in the vicinity of which a gene has 
been Inactivated by methylatlon of the genomic DNA 
or by some other cause. It Is thought that if a 
transgene Is Introduced in a cryptic site, it is 
Influenced by the "field" of the chromosome, so that 
the transgene Is also inactivated. 

In the constructs used in the above examples, 
the transcriptional activation elements (ISl or/and 
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IS2) are found Inserted on the terminator side of tlie 
nptll gene (kanamycln resistance gene), namely on the 
opposite side of the nos promoter of the kanamycln 
resistance gene. Therefore, It Is Impossible that 
these elements ols act on the promoter of the 
kanamycln resistance gene. 

However, the above examples gave the results 
showing that even In the circumstances In which the 
transcriptional activation element of the present 
Invention Is found Inserted In a position such that 
It cannot directly act on the nos promoter, the number 
of kanamycln resistant cells ( t ransf ormant tobacco 
calll) Increases In the case of cultured tobacco cells. 
In particular that even when the kanamycln 
concentration In medium Is as high as 300 mM, the 
number of kanamycln resistant calll Increases 
(Example 3 (1)), and further that the efficiency of 
regeneration of kanamycln resistant plants Is 
Increased by Introducing the constructs mentioned 
above Into plant cells of various plant species 
(Examples 4 to 6). These results Indicate that the 
ISl or/and XS2 elements acted on the kanamycln 
resistance gene occurring In the vicinity of said 
elements, not in the mode of directly causing els 
activation of the nos promoter, and as a result, the 
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number of cells retaining (Includes both the senses 
of activation and prevention from being Inactivated) 
ttie activity of said kanamycln resistance gene • Thus , 
this Indicates the possibility that, unlike the 
conventional transcriptional activation elements 
(factors) occurring as enhancers In the vicinity of 
the promoter of a specific gene and activating the 
transcription by els acting on said promoter, the 
transcriptional activation element of the present 
Invention Is to activate (or prevent from 
Inactivating) , when It Is Inserted Into a genomic gene, 
a single gene group or a plurality of gene groups In 
the vicinity or marginal region of the site of 
Insertion thereof (Irrespective of location and 
direction of the gene promoter on which It acts) and 
thus promoting the transcription activity, namely 
acting by the mechanisms mentioned above under (3). 

In the constructs used In the above examples, 
the ISl or/and IS2 elements were Inserted on the 35S 
promoter side of the GUS gene. The cultured tobacco 
cells resulting from Insertion of said construct 
showed Increased GUS activity In Example 3 (2) 
Indicated clearly that the transcriptional 
activation elements of the Invention act also on the 
35S promoter occurring In the downstream vicinity 
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thereof to Increase the transcription activity of the 
GUS gene. This result supports the Judgment 
mentioned above and Indicates that the 
transcriptional activation elements of the Invention 
show the actions mentioned above under (3), namely 
that "the ISl or/and IS2 elements activate the 
neighboring gene region Including them or prevent 
said gene region from being Inactivated" • 

In the above example. It was also shown that, 
not only with cultured cells (Example 3) but also with 
plant tissues, the efficiency of regeneration of 
tobacco plant shoots Is Indeed Increased In the 
tobacco leaf disk experiment (Example 4), the 
efficiency of formation of embryogenlc callus serving 
as bases for plant regeneration from carrot 
hypocotyls Is Increased (Example 5), and the 
efficiency of formation of callus serving as bases 
for rice plant regeneration Is Increased (Example 6), 
by using the transcriptional activation elements of 
the Invention. These results Indicate that the 
transcriptional activation elements of the Invention 
act on those plant cells becoming Incapable of plant 
regeneration or callus formation as a result of a 
foreign gene Introduced Into the genome of plants In 
question undergoing gene silencing ( Inact Ivat Ion ) by 
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the position effect, so as to Increase the efficiency 
of plant regeneration or formation, hence are 
practically very useful. 

In view of the recent finding that MITEs, like 
MARs, bind to nuclear matrices (Tlkhonov et al. , Plant 
Cell 12: 249-264 (2000)), It Is considered that MITEs 
Intranuclearly play a role similar to that of MARs. 
Based on this. It can be expected that the 
transcriptional activation elements of the Invention, 
which are MITEs, can be used singly or In combination 
with such elements as MARs In producing genetically 
modified plants to further Increase the efficiency 
of plant regeneration or formation. 

INDUSTRIAL APPLICABII. ITY 
The most Important problem to be overcome In 
producing genetically modified plants Is the 
phenomenon of gene silencing which causes expression 
Inactlvatlon of foreign genes. For avoiding the gene 
silencing phenomenon In developing genetically 
modified plants. It Is necessary to select, from among 
a large number of plant Individuals, those plant 
Individuals with the foreign gene In question 
Inserted at such a site as causing gene silencing as 
least as possible. 
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The present Invention provides novel, plant- 
derived MITE-llke elements, and It Is highly possible 
that said MITE-llke elements, when Inserted In a plant 
genome, cause changes In genomic structure and, based 
on this, contribute to changes In dynamics of the 
genomic structure, for example facilitating the 
unwinding of genomic DNA or causing changes In 
nucleosome structure, by mechanisms quite different 
from the mechanisms of action of the conventional 
enhancer elements. 

Therefore, by utilizing this characteristic 
feature of the MITE-llke elements of the Invention, 
It will become possible to regulate the expression 
of a gene occurring in the vicinity thereof by 
techniques different from the prior art ones. In 
other words, with the MITE-llke elements of the 
Invention which have the above characteristic feature, 
it will be possible to increase or activate the 
reduced expression ability of a foreign gene 
introduced by the transgenic technology. In this 
respect, the MITE-llke elements of the invention are 
useful in constructing a transgene expression 
cassette and plasmids containing said cassette in the 
production of genetically modified living organisms 
and is further useful in stably producing genetically 
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modified organisms capable of expressing a transgene. 

The transcriptional activation elements of the 
Invention which contain a transposable element such 
as one of the MITE-llke elements mentioned above 
(preferably the ISl element or/and IS2 element) have 
an activity In suppressing and dissolving the 
phenomenon of Inaotlvatlon of gene expression (gene 
silencing phenomenon) due to the position effect In 
gene transfer In plants. Therefore, It Is expected 
that by using the transcriptional activation elements 
of the Invention singly or In combination with other 
elements participating In nuclear DNA structuring, 
for example MARs (matrix attachment regions) , It will 
become possible to have the gene stably expressed to 
thereby markedly reduce the number of screening 
procedures generally performed after gene transfer 
and the number of recombinant plants to be sowed and 
grown • 

Such plants large In genomic size as Illy, 
chrysanthemum and wheat have large cryptic sites 
within the genome and, therefore, a foreign gene 
Introduced Is mostly Inserted In cryptic sites. For 
such plants. It Is thus very difficult and practically 
Impossible In the prior art to produce recombinant 
plants. On the contrary, with the transcriptional 
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aotlvatlon elements of the Invention, It Is possible 
to significantly Inhibit a foreign gene Introduced 
onto a plant genome from undergoing silencing and 
therefore It Is expected that said elements can make 
it possible to efficiently Introduce foreign genes 
Into those plant species the gene recombination of 
which has been regarded as difficult, as mentioned 
above, and produce recombinant plants. 

The transcriptional activation elements of the 
Invention are also considered to be elements capable 
of activating (Inclusive of transcriptional 
activation) genes occurring In the vicinity or 
marginal region of the gene region In which they are 
found Inserted. Therefore, the transcriptional 
activation elements of the Invention are expected to 
not only make It possible to put the transgenic 
technology to practical use even In those plants In 
which the production of genetically modified plant 
bodies Is difficult because of frequent occurrence 
of silencing due to the large genome size, as 
mentioned above, but also make It possible, even In 
the genetic engineering of plant species such as 
soybean, corn, potato and tomato, already put to 
practical use, to Increase the efficiency of gene 
transfer and, at the same time. Increase the activity 
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Of transcription of genes for useful characters, such 
as herbicide resistance genes and Insectlcldal 
protein genes, by using these transcriptional 
activation elements through insertion at a site 
upstream of the promoter of such a gene for a useful 
character, or at a site in the vicinity thereof. They 
are further expected to make it possible to produce 
genetically modified plants with higher productivity 
and higher quality as compared with the conventional 
methods of producing genetically modified plants* 



